The vascular endothelial (VE)-cadherin functions as an endothelial barrier protein controlling endothelial permeability and leukocyte transmigration. Developmental studies indicate that VE-cadherin also plays a vital role in angiogenesis. MicroRNA-22 plays important roles in cardiovascular diseases including cardiac hypertrophy and heart failure. We identified that miR-22 interacts with VE-cadherin mRNA. Overexpression of miR-22 in endothelial cells increases the synthesis of proinflammatory cytokines. Injection of miR-22 results in increased myeloperoxidase activity in the mouse lungs. Moreover, miR-22 injection into the fluorescent-labeled transgenic zebrafish Tg(fli1: EGFP) embryos caused defective vascular development in the dorsal and intersegmental vessels, and vascular markers were significantly suppressed in these embryos. Our studies demonstrate that the conserved targeting of VE-cadherin by miR-22 regulates endothelial inflammation, tissue injury, and angiogenesis.
Vascular endothelial cells' function as a barrier for circulation depends on the adherens junctions between endothelial cells. Vascular endothelial-cadherin (VEcadherin) is one of the junction adhesion molecules, which plays important roles in maintaining the integrity of the endothelia barrier and controlling the transmigration of leukocyte during injury and infections [1] [2] [3] . Developmental studies from both mouse and zebrafish demonstrate that VE-cadherin also plays a vital role in angiogenesis [4] [5] [6] [7] [8] [9] . Therefore, the regulation of VE-cadherin expression or its levels at adherens junction is critical for endothelial functions.
MicroRNA (miRNA) is a recently recognized way for protein regulation since these small, short, usually 19-25 nucleotide, noncoding RNAs are able to bind to the 3 0 UTR (untranslated region) of the targeted mRNA, regulating the mRNA degradation and/or inhibiting protein synthesis [10] . While a miRNA is able to target multiple molecules, it is also common that several miRNAs may target a common mRNA molecule. In blood vessels there are abundant miRNAs [11] , some have been reported to be associated with the vascular system and related diseases. Recently, several miRNAs, such as miR-27, miR-27a-3p, miR-101, and miR-125, have been reported to target endothelial junction adhesion molecule VE-cadherin, and regulate vascular permeability, or inhibit tumor growth and metastasis [12] [13] [14] [15] . In zebrafish, miR-142a-3p is also targeting to VE-cadherin and regulates vascular development [16] . MiR-22 was originally identified in cancer cells, later several studies suggest miR-22 is an important regulator for various cancers. Deregulation of miR-22 has Abbreviations HRP, horseradish peroxidase; HUVECs, human umbilical vein endothelial cells; ICAM-1, intercellular adhesion molecule-1; miRNA, micro-RNA; qRT-PCR, quantitative real-time PCR; SIRT1, sirtuin 1; TLR3, toll-like receptor 3; VE, vascular endothelial.
been reported in breast cancer, hepatocellular carcinoma, colon cancer, and prostate cancer [17] [18] [19] . Although miR-22 plays an oncogenic role in breast cancers and in myelodysplastic syndrome, [20, 21] in most other cancers it functions as a tumor suppressor because it inhibits cancer cell proliferation and tumor metastasis [22] [23] [24] . Recently it has been reported that miR-22 has the potential as therapeutic application in cancer treatment [25] or reducing chemoresistance in colon cancer cells [26] . In addition, miR-22 also plays roles in other biological functions. In the cardiovascular system, miR-22 is able to regulate cardiac hypertrophy and promote heart failure [27, 28] . Given its functions in these diseases, it is necessary to examine its regulation and target molecules in endothelial cells since endothelial cells are also essential players for both tumor metastasis and cardiovascular diseases.
In this report, we identify that miR-22 is able to bind to 3 0 UTR of VE-cadherin mRNA, regulating the VEcadherin expression. There is an inverse correlation between miR-22 and VE-cadherin mRNA levels in inflammatory endothelial cells. Overexpression of miR-22 in endothelial cells or mouse lungs results in endothelial inflammation and lung inflammation. Furthermore, zebrafish studies suggest that miR-22 is conserved in animals. Injection of miR-22 into the zebrafish embryos results in defective vascular development in the dorsal and intersegmental vessels. In conclusion, our studies suggest that the targeting of VE-cadherin by miR-22 is conserved in different animal species and endothelial VE-cadherin regulation by miR-22 results in endothelial inflammation and abnormal angiogenesis.
Materials and methods

Ethics statement section
All animal procedures were approved by the Animal Care and Use Committee of Hubei Province, China, in accordance with guidelines developed by the China Council on Animal Care and Protocol.
Experimental animals
Eight-week-old C57BL/6 mice with the weight of 18-25 g were purchased from the Disease Prevention and Control Center (Wuhan, China).
Cell culture and transfection of miRNA
Human umbilical vein endothelial cells (HUVECs) were cultured in EBM-2 (LONZA, Basel, Switzerland) at 37°C in humidified 5% CO 2 . HUVECs were transfected with miRNAs and stimulated with Poly (I:C) (PeproTech, Wuhan, China) in the logarithmic growth phase. For expression of miRNAs, miR-22, anti-miR-22 and the respective control miR-NC and anti-miR-NC (GenePharma, Shanghai, China) at a final concentration of 50 nM were transfected into HUVECs using Lipofectamine 2000 transfection reagent (Invitrogen, Shanghai, China) according to manufacturer's instructions and samples were collected at 24 h for mRNA and 48 h for protein after transfection. Cells were harvested at 0, 6, 12, and 24 h after stimulated with Poly (I:C) at the concentration of 1 lgÁmL
À1
, respectively. HEK293T cells were purchased from ATCC (Manassas, VA, USA) and maintained in DMEM (Hyclone, Beijing, China) medium with 10% FBS (Hyclone). The cells were cultured at 37°C in 5% CO 2 . The miRNA nucleic acid sequences are listed in Table 1 .
RNA isolation and quantitative real-time PCR
For detection of mRNA, total RNA was isolated from tissues and cells using TRIzol (Invitrogen) following the manufacturer's protocol. The quantification of extracted RNA was assessed by a NanoDrop 2000 spectrophotometer (Thermo Fisher Scientific, Waltham, MA, USA). Approximately 1 lg of total RNA was reverse-transcribed using the two-Step MMLV RT-PCR kit from GeneMark (Taiwan, China), and quantitative real-time PCR (qRT-PCR) method was performed to determine expressions of VE-cadherin, cytokines and vascular markers. qRT-PCRs were done on the Roche Lightcycler 96 with SYBR Green realtime PCR master mix from GeneMark (Shanghai, China) according to the manufacturer's instructions.
For miRNA assessments, commercial miRcute miRNA isolation kit, miRcute miRNA First-Strand cDNA Synthesis Kit, and miRcute miRNA qPCR detection kit were used from Tiangen (Beijing, China). Quantitative real-time PCR using mature miR-22 sequence as forward primer together with the universal reverse primer provided with miRNA qPCR detection kit, and the small nuclear RNA U6 were used as an internal control for miR-22 and GAPDH was used to normalize VE-cadherin. The average threshold cycle was calculated for samples, and the relative analysis of gene expression was evaluated using the 2 ÀDDCT method. 
MPO activity assay
To determine neutrophil infiltration, MPO activity of lung lysates was measured [29] . Mouse lungs were homogenized Table 2 . The list of primer sequence.
in 0.5% hexadecyltrimethylammonium bromide (SigmaAldrich, Shanghai, China) dissolved in 10 mM potassium phosphate buffer (PH 7). After centrifugation at 20 000 g, aliquots of the supernatant were assessed for total protein concentration and MPO activity. An aliquot of each sample (supernatant) was loaded into each well of a 96-well plate, and O-dianisidinedihydrochloride (Sigma-Aldrich) with 0.0005% hydrogen peroxide in phosphate buffer was added to the samples. Absorbance was read at 460 nm for 3 min. MPO activity is expressed as the change in absorbance per minute per milligram of tissue.
Zebrafish lines and husbandry
Zebrafish used in this experiment was raised and maintained under standard library conditions as described previously. Wild-type lines and transgenic lines Tg(fli1: EGFP) were used. Embryos were obtained by spawning and were cultured at 28.5°C in an incubator. We express the larval ages in hours postfertilization (hpf)
Microinjections into zebrafish embryos
To overexpress miR-22 in zebrafish, embryos at 1-to 2-cell were injected with 1 nL of miR-22 mimics or miR-NC into the yolk immediately using a microinjector. The concentration and dose of miRNAs were confirmed according to a preliminary experiment.
Microscopy and confocal imaging
For imaging zebrafish, live embryos were dechorionated manually with forceps, anesthetized using 0.016% tricaine (Sigma), and mounted in 1.2% low-melting agarose. Image acquisition was performed on a Leica M125 dissecting microscope (Leica Microsystems, Shanghai, China). The mCherry Chroma filter set at white line set for Leica and Leica GFP set from Chroma were used to detect white or green fluorescence, respectively. Figures were prepared using IMPROVISION OPENLAB (PerkinElmer, Waltham, MA, USA) and ADOBE PHOTOSHOP (San Jose, CA, USA) software on computers.
Whole-mount in situ hybridization
Probe for fli1 has been reported before [30] , and the procedure for the whole-mount in situ hybridization was performed as described previously with some modification. Zebrafish larvae were fixed in 4% paraformaldehyde overnight at 4°C and gradual dehydration in PBST, then stored at À20°C in MeOH. Embryos were rinsed in PBST, followed by 5 h prehybridization at 58°C, and hybridization overnight at 58°C for fli1 probe. A total of 500 ng of antisense DIG-labeled RNA probe was added to the hybridization mix, the anti-DIG antibody-alkaline phosphatase Fab fragment was diluted 1 : 4000 in MABlock buffer (2% blocking reagent in 100 mM maleic acid and 150 mM NaCl) and incubation was performed at 4°C for fli1 probe. After incubation with the anti-DIG antiserum, embryos were washed in MABT for 5 h and then incubated in blocked buffer (MABT: blocking: FBS = 7 : 2 : 1) for 1 h. The final staining step was performed in staining buffer with NBT/BCIP (Roche Diagnostics Co. Ltd., Shanghai, China) according to the manufacturer's recommendations. After color development, the zebrafish were flat mounted with 3.5% methylcellulose and photographed.
Wild-type zebrafish embryos were used in the experiment, miR-22 mimics, miR-NC and miR-22, and VE-cadherin mRNA were coinjected into the yolk of embryos, respectively. Approximately 30 zebrafish embryos in a different group were used for in situ hybridization. The expression pattern was viewed in a Leica M125 dissecting microscope. The positive signals of the fli1 probe were violet and were specifically distributed in the labeling cells of embryos. The relative intensity of violet signals in each embryo indicated the transcriptional level of the labeling gene. This technique allowed us to quantify the number of embryos exhibiting reduced or increased gene expression. The percentage of embryos with reduced gene transcripts was calculated using the following method: P = N reduced /N total , where N reduced was the number of embryos displaying reduced probe staining and N total was the total number of embryos used for probe staining in each assay. In order to investigate the relationship between miR-22 and VE-cadherin, synthetic miR-22 mimics, miR-22 inhibitors (anti-miR-22), and respective controls (miR-NC, anti-miR-NC) were transfected into HUVECs. Real-time PCR and western blot were performed to detect the expression of miR-22 and VE-cadherin. As shown in Fig. 1A ,B, after 24 h transfection, miR-22 was increased more than 20 times compared with miR-NC transfection group, and VE-cadherin mRNA was reduced significantly. Similarly, compared with antimiR-NC-transfected HUVECs, miR-22 decreased approximately 80% and VE-cadherin mRNA was increased in anti-miR-22-transfected HUVECs. Next, we also checked the levels of VE-cadherin protein in HUVECs upon overexpression and downregulation of miR-22. We found that increasing miR-22 repressed protein expression level of VE-cadherin, and VE-cadherin protein was increased in HUVECs with the decrease in miR-22 (Fig. 1C,D) . The results above suggested that VE-cadherin might be as a potential target regulated by miR-22. MicroRNAs are known to regulate protein expression at a post-transcriptional level either through repression of protein translation or degradation of target mRNAs by binding to target sites of 3 0 UTR. To further investigate whether VE-cadherin is a direct target of miR-22 and if its expression is inhibited by miR-22 through the seed region in the 3 0 UTR, miRNA target prediction database TargetScan was used to search for potential downstream targets of miR-22. As expected, according to the analysis, VE-cadherin was a putative target of miR-22 and it has a 7-nucleotide seed region, which is complementary to miR-22, within its 3 0 UTR (Fig. 1E ). So the 3 0 UTR segments of VECadherin predicted to interact specifically with miR-22 were subcloned into the pMIR-REPORT luciferase vector psiCHECK TM -2. Similarly, we also inserted a 3 0 UTR sequence of VE-cadherin containing the mutated seed match sites for miR-22 into psi-CHECK TM -2. The vectors containing wild-type VEcadherin or variant 3 0 UTR were transfected into HEK293 cells with miR-22 and anti-miR-22 for luciferase activity assay. As shown in Fig. 1F , cotransfection with miR-22 resulted in a 60% decrease in luciferase activity compared with the miR-NC cotransfection group. In addition, miR-22 caused no effect on dual luciferase activity when the miRNA-binding sites on 3 0 UTR of VE-cadherin mRNA were mutated. In short, we show that miR-22 is able to directly bind to the target sites in the 3 0 UTR of VE-cadherin and modulates the expression of VE-cadherin transcript and protein in HUVECs.
Effect of miR-22 on inflammatory response
In order to investigate miR-22 response in endothelial cells, HUVECs were stimulated with polyinosinic acid: polycytidylic acid [Poly (I:C)]. As an inflammatory stimulus, Poly (I:C), a synthetic double-stranded RNA analog, is recognized by toll-like receptor 3 (TLR3) and the TLR3 pathway is suggested to contribute to innate immune responses against infection by viruses [31] . RNA samples of HUVECs were harvested after being treated with Poly (I:C) (1 lgÁmL À1 ) at different times. MiR-22 and VE-cadherin mRNA expression levels were also analyzed by real-time PCR. The analyses demonstrated that miR-22 was reduced during the 24 h, on the contrary, due to the stimulation of Poly (I:C), mRNA level of VE-cadherin exhibited a significant increase ( Fig. 2A) , miR-22 is involved in endothelial inflammatory response process. In order to reveal the roles of miR-22 in inflammatory response, we transfected HUVECs with miR-22 mimics and mRNA expressions of inflammatory cytokines were determined by real-time PCR. As shown in Fig. 2B , the mRNA expression of IL-1b, IL-6, and IL-8 were all upregulated in the cells with transfection of miR-22 compared to cells transfected with miR-NC. In addition, expressions of IL-1b and IL-8 were downregulated with cotransfection of miR-22 and VE-cadherin cDNA. The ELISA detection in the miR-22 and NC presented the same trend with realtime PCR result, secretion of IL-6 and IL-8 were increased in the cells with transfection of miR-22 compared to cells transfected with miR-NC (Fig. 2C) . These results suggest that miR-22 is able to regulate inflammatory response in endothelial cells.
To further determine the effect of miR-22 on inflammatory response in vivo, C57BL/6 mice were divided into two groups and intravenous injection of miR-22 mimics or miR-NC was performed (Fig. 2D) . Fortyeight hours after injection, lung tissues were collected for MPO assay. As shown in Fig. 2E , MPO activity showed a significant increase in the miR-22 injected group compared with the group of miR-NC injection. In addition, mRNA expression levels of several inflammatory cytokines were detected by real-time PCR. As illustrated in Fig. 2F , the expression of IL-1b and TNF-a increased remarkably in mice lung injected with miR-22 mimics. Taken together, all of the above 
miR-22 regulates VE-cadherin in zebrafish
To further investigate the effect of miR-22 and confirm the negative regulatory effect of miR-22 on VEcadherin, we also examined its effects on zebrafish development. First, the wild-type zebrafish embryos at different developmental stages were collected at different times and the expression of zebrafish miR-22 during embryogenesis was measured by real-time PCR. As shown in Fig. 3A , miR-22 was continuously detectable from 1 cell to 96 hpf postfertilization. Interestingly, at 18 hpf, miR-22 expression was at the lowest level, suggesting that higher VE-cadherin expression level at this point may be critical for later vessel development. In addition, miR-22 overexpression was carried out by microinjection with miR-22 mimics at 1-2 cell stage of wild-type zebrafish embryos. We observed that at 72 hpf the zebrafish embryos with injection of miR-22 showed significant mortality with delayed development, including reduced body size and trunk abnormalities, while no apparent phenotype abnormalities were observed under the microscope in miR-NC-injected embryos. The percentage of defective embryos was calculated in different groups (Fig. 3B) . However, it is not clear whether the specific phenotype defects generated was due to the decrease in VE-cadherin induced by miR-22. To investigate the possibility, we synthesized VEcadherin mRNA and coinjected it into zebrafish embryos with miR-22. As illustrated in Fig. 3C ,D, the transfection efficiency was determined by real-time PCR, and the expression of VE-cadherin was also detected by real-time PCR and western blot. The result indicated that VE-cadherin mRNA and protein levels were both significantly downregulated in miR-22-injected embryos compared with the group of miR-NC. These data further supported that VE-cadherin is a bona fide target of miR-22 in zebrafish, and overexpression of miR-22 can result in defective zebrafish embryo development.
Overexpression of miR-22 induced vascular defects in zebrafish embryos
In this study, we found that VE-cadherin was the direct target of miR-22. VE-cadherin is reported to be essential for the formation and development of vessels. According to the previous result that miR-22 can result in malformations in wild-type embryos, we tested whether miR-22 could affect angiogenesis using fluorescent-labeled Tg(fli1:EGFP) zebrafish, and whether we could rescue the developmental defects of vessels in miR-22-treated embryos by coinjecting exogenous mRNA of VE-cadherin. First, fluorescentlabeled Tg(fli1:EGFP) embryos were injected and then imaged with a dissecting microscope at 72 hpf. As shown in Fig. 4A , compared with miR-NC-injected Tg (fli1:EGFP) zebrafish embryos, single miR-22-injected embryos exhibited visible vascular defects, mainly displaying fracture and disorder of vessels. The dorsal anastomosing longitudinal vessels and intersegmental vessels present an incomplete connection and disorganized pattern. Moreover, defects in angiogenesis were rescued in miR-22 and VE-cadherin coinjected embryos. The percentage of embryos exhibiting vessel malformations was calculated in different treated groups. Next, the expressions of vascular markers fli1 and flk1 were detected by real-time PCR. As shown in Fig. 4B , compared with the miR-NC group, the expressions of vascular markers (fli1 and flk1) were reduced in the miR-22-injected embryos, but they were rescued in the miR-22 and VE-cadherin coinjected embryos. This suggested that miR-22 might regulate the expression of vascular markers via targeting VEcadherin to influence vascular development in zebrafish embryos.
To further investigate the effect of miR-22 on vessel development of zebrafish, wild-type zebrafish embryos injected with miR-22 and miR-NC were fixed for the whole-mount in situ hybridization at 24 hpf. As expected, compared with the group of miR-NC (Fig. 4C) , the in situ hybridization screening results suggested that the expression of fli1 in single miR-22-injected embryos was reduced significantly (Fig. 4C) , while embryos exhibited enhanced fli1 expression and normal vascular development after injected with miR-22 and VE-cadherin mixture (Fig. 4C) , consistent with the observations that apparent rupture and deletion in the intersegmental vessels occurred in Tg(fli1:EGFP) zebrafish. The percentage of embryos exhibiting reduced expression of fli1 was calculated in different treated groups. These data above indicated that overexpression of miR-22 in zebrafish embryos could affect the vascular development of zebrafish via inhibiting the expression of VE-cadherin.
Discussion
MiR-22 was originally identified in the cancer cells. Later studies show that miR-22 has other biological functions. MiR-22 plays oncogenic roles in breast cancer [21] , but functions as a tumor suppressor by inhibiting the tumor cell proliferation and tumor metastasis [22] [23] [24] . Recently it has been shown that the miR-22 has the antitumor potential as a therapeutic miRNA against acute myeloid leukemia [25] . In addition, miR-22 is also able to regulate cardiac hypertrophy and promote heart failure [27, 28] . Clearly these studies suggest miR-22 is one of the important regulatory molecules. Given the importance of miR-22 in tumor metastasis and cardiovascular functions, understanding its role in endothelial cells is necessary. Although mir-22 induces endothelial progenitor cell senescence [32] and inhibits ATP-or UTP-induced intercellular adhesion molecule-1 (ICAM-1) expression [33] , its function and targeting molecules in endothelial cells need further investigation.
In this report, we showed that miR-22 is able to target endothelial junction adhesion molecule VE-cadherin. It is well known that VE-cadherin regulates endothelial cell permeability and controls leukocyte transmigration [1] [2] [3] . Developmental studies also indicate its role in angiogenesis [4] [5] [6] [7] [8] [9] . In inflammatory cells, miR-22 is inversely correlated with VE-cadherin. Using bioinformatics, we found that miR-22 has the potential to bind the 3 0 UTR of VE-cadherin mRNA, and the luciferase report assay confirms that VEcadherin is the targeting molecule. Previously, miR142a-3p has been reported to partially target VE-cadherin in zebrafish [16] . Recently, other miRNAs have been shown to also target VE-cadherin, for instance, miR-27a regulates endothelial permeability and plays a role in angiogenesis by affecting the tube formation [12, 13] , and miR-101 which is induced by HIV tat C is able to regulate the brain endothelial barrier permeability via controlling the claudin-5 expression [14] , miR-125b-inhibited translation of vascular VE-cadherin mRNA, and in vitro tube formation by endothelial cells [15] . Compared to miR-142a-3p, miR-27a, miR-101, and miR-125b, miR-22 is a conserved one and has other different targeting molecules besides VE-cadherin. Our study suggests that miR-22 is able to regulate the VE-cadherin in zebrafish, mice, and humans. The reported miR-22-targeting molecules include a list of proteins, such as estrogen receptor a [22] , PTEN [26] , histone deacetylase 4 [34] , CD147 [35] , T-cell lymphoma invasion and metastasis 1 [24] , matrix metalloproteinases 2 and 9 [24] , AKT3 [32] , ICAM-1 [33] , and sirtuin 1 [36] , our results clearly indicate that miR-22 also directly targets VE-cadherin and regulates its gene expression in endothelial cells.
In the inflammatory cells stimulated by Poly (I:C), miR-22 expression is significantly downregulated, suggesting that miR-22 may participate in host inflammatory response, which is consistent with its regulation of ICAM-1 expression [33] . Overexpression of miR-22 induces the inflammation with increased cytokine synthesis (IL-1b, IL-6, and IL-8) in endothelial cells. The levels of IL-6 are not rescued by expression of VE-Cadherin. Yet, we subsequently report on the levels of protein by ELISA for IL-6. It would indicate that VE-Cadherin/ miR-22 interaction is not regulating IL-6. Furthermore, injection of miR-22 with liposome into mice stimulates more neutrophil infiltration into mouse lung tissues. Given the role of VE-cadherin in regulating endothelial permeability and controlling leukocyte transmigration, these results suggest that miR-22 targeting to the VEcadherin may be responsible for the induced inflammation in the endothelial cells and lung tissues. ) assessed by real-time PCR in miR-22, miR-NC, and miR-22 and VE-cadherin mRNA coinjected embryos at 24 hpf. The data were shown in mean AE SEM of three repeats and each repeat contained 50 embryos. (C) Embryos from different treated groups 24 hpf were fixed for whole-mount in situ hybridization and probe for fli1 was used for blood vessel detection. Red arrows indicate the reduced expression on the dorsal domain, and black arrows indicate the reduced expression on the anterior. The percentage of embryos exhibiting reduced expression of fli1 was calculated. The data in graph were shown in mean AE SEM of three repeats and each repeat contained 50 embryos. *P < 0.05; **P < 0.01; ***P < 0.001.
We also examine the effect of miR-22 on the vascular development using zebrafish as the animal model. Compared to the mouse model, the zebrafish model system offers some advantages in studying the vascular development in vivo, such as the small size, external and rapid development, and optical transparency of zebrafish embryos. The expression pattern of miR-22 in zebrafish development is dynamically regulated. It is interesting that at 18 hpf, miR-22 expression is at the lowest level, while VE-cadherin expression was reported to start at 12 hpf and the first wave of angiogenesis starts at 19 hpf [37] . Injection of miR-22 into the embryos reduces VE-cadherin expression at both mRNA and protein levels. The rescue effects of coinjection of miR-22 with VEcadherin mRNA further suggest miR-22 may target VE-cadherin in vascular development of zebrafish. Besides the abnormal embryonic development, using Tg(fli1:EGFP) zebrafish we are able to observe the abnormal vascular development caused by miR-22. The dorsal anastomosing longitudinal vessels and intersegmental vessels present incomplete connection and disorganized pattern, indicating the miR-22 may influence vascular sprouting since the intersegmental vessels may resemble the mammalian capillary. Furthermore, miR-22 also reduces the vessel marker fli1 and flk1 expression. It is interesting that our results are not exactly similar to those from VE-cadherin knockout [8, 9] , suggesting that abnormal angiogenesis may be due to the difference in miRNA targets and dynamics regulation. The loss of miR-142a [16] , which is also able to target VE-cadherin, presents similar results as ours further suggesting that VEcadherin dynamic regulation is important for vascular development.
In summary, we report the VE-cadherin is the other target for miR-22. We demonstrated that miR-22 is able to induce endothelial cell and tissue inflammation and cause abnormal angiogenesis in zebrafish. Our studies suggest the conserved miR-22 regulates the endothelial inflammation and angiogenesis via targeting VE-cadherin.
